Nasopharyngeal carcinoma (NPC) is a malignant disease associated with Epstein-Barr virus (EBV) infection. This study aims to examine the effects of EBV infection on the production of proinflammatory cytokines in NPC cells after the Zn-BC-AM photodynamic therapy (PDT) treatment. Cells were treated with the photosensitiser Zn-BC-AM for 24 h before light irradiation. Quantitative ELISA was used to evaluate the production of cytokines. Under the same experimental condition, HK-1-EBV cells produced a higher basal level of IL-1a (1561 pg/ml), IL-1b (16.6 pg/ml) and IL-8 (422.9 pg/ml) than the HK-1 cells. At the light dose of 0.25-0.5 J/cm 2 , Zn-BC-AM PDT-treated HK-1-EBV cells were found to produce a higher level of IL-1a and IL-1b than the HK-1 cells. The production of IL-1b appeared to be mediated via the IL-1b-converting enzyme (ICE)-independent pathway. In contrast, the production of angiogenic IL-8 was downregulated in both HK-1 and HK-1-EBV cells after Zn-BC-AM PDT. Our results suggest that Zn-BC-AM PDT might indirectly reduce tumour growth through the modulation of cytokine production.
INTRODUCTION
Photodynamic therapy (PDT) has been developed as a method for both cancer and non-cancer treatments. The process of tumour-cell killing involves the activation of photosensitiser by light with an appropriate wavelength of light. PDT-mediated tumour eradication may be achieved by direct killing of tumour cells and/or the induction of indirect ischemic cell death due to the collapse of surrounding tumour vasculature. Previous studies showed that cytokines could be released by the PDT-treated tumours. [1] [2] [3] [4] [5] The tumourderived cytokines may attract the migration of neutrophils and phagocytes to the tumour bed and eliminate the cell debris caused by PDT. Macrophages can be also activated to destroy the remaining tumour cells and to prevent distant metastasis. 6, 7 Thus, PDT may also control the growth of tumour via the modulation of the antitumour immunity.
The development of nasopharyngeal carcinoma (NPC) is known to be associated with Epstein-Barr virus (EBV) infection. Recent studies also showed that the production of cytokines in NPC cells could be modulated by EBV. [8] [9] [10] [11] [12] [13] However, the effect of PDT on the production of proinflammatory cytokines by EBV-infected NPC cells has not been examined. In this study, we found that Zn-BC-AM PDT differentially modulates the production of proinflammatory cytokines in both EBVnegative and -positive HK-1 cells.
MATERIALS AND METHODS

Materials
Antibodies against caspase-1 (IL-1b-converting enzyme, ICE) and bactin were purchased from Cell Signaling Technology (Danvers, MA, USA). Stock solution of the photosensitiser, Zn-BC-AM, 14 was prepared in dimethylsulphoxide.
Cell culture HK-1 cells 15 and HK-1-EBV cells were maintained in RPMI 1640 medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco) and antibiotics penicillin (50 mg/ml)/ streptomycin (50 mg/ml) (Gibco). HK-1 cells with persistent EBV latent infection (HK-1-EBV cells) were established as previously described.
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The resultant HK-1-EBV cells carried a neomycin-resistance (neo r ) gene and an enhanced green fluorescent protein gene. The presence of enhanced green fluorescent protein would facilitate the subsequent monitoring of the infected HK-1 cells. The cells were cultivated in medium supplemented with 400 mg/ml of G418. The cells were maintained and incubated in a humidified 5% CO 2 incubator at 37 uC. incubated at 37 uC in the dark for 24 h. Medium containing Zn-BC-AM was replaced with fresh medium before light irradiation. NPC cells were irradiated by light at an intensity of 0.8 mW/cm 2 from a projector equipped with a 400-W tungsten lamp, a heat-isolation filter and a narrow band filter (68265 nm). After light irradiation, the cells were incubated in a 5% CO 2 incubator at 37 uC until further investigation.
Propidium iodide (PI) exclusion assay Both adherent and floating cells were collected at 24 h post PDT. The cells were then incubated with PI (5 mg/ml in phosphate buffered saline) in dark for 5 min. The cells were then immediately analysed by FACSCalibur (Becton Dickson, Franklin Lakes, NJ, USA) with the excitation wavelength at 488 nm. Fluorescent signals were collected by the FL-2 channel. Data were further analysed by the CellQuest software.
Western blot PDT-treated cells were lysed with lysis buffer (250 mM Tris-HCl, pH 8, 1% NP-40 and 150 mM NaCl). Cellular extracts (20-30 mg protein) were separated on 12% SDS-polyacrylamide gels and electroblotted onto a polyvinylidene difluoride transfer membrane. The membrane was probed with primary antibodies and the specific antibody-labelled proteins were detected by using horseradish peroxidase-conjugated secondary antibodies (Zymed, San Francisco, CA, USA) and the Western Lightning Chemiluminescence Reagent (PerkinElmer Life Sciences, Inc., Shelton, CT, USA).
Determination of cytokine production by ELISA method Culture supernatant was collected at 24 h after PDT treatment. The supernatant was centrifuged at 10 000g for 10 min at 4 uC. The culture supernatant was then collected for the detection of human cytokines using ELISA kits (RayBiotech, Inc., Norcross, GA, USA) according to the manufacturer's instructions.
Statistical analysis
All graphs were plotted and analysed by the softwares Microsoft Excel, SigmaPlot and SPSS. Statistical significance (P,0.05) was determined using Student's t-test. ) had no effect on the production of IL-1a. However, about a 3.5-to 4-fold PDT-mediated modulation of cytokine production HK Koon et al 324 increase in the level of IL-1a was seen in Zn-BC-AM PDT-treated HK-1-EBV cells. The pattern of PDT-induced IL-1b production was also similar to IL-1a. Zn-BC-AM PDT induced an approximately 4-to 9-fold increase in IL-1b by PDT-treated HK-1 cells. For the HK-1-EBV cells, the level of IL-1b production was increased from 18 pg/ml in the cell control group to 92 pg/ml (0.5 J/cm 2 ) after PDT. It is worthy to note that the total levels of IL-1a and IL-1b in the PDT-treated HK-1-EBV culture supernatant were higher than in the HK-1 cells.
RESULTS
Effects of Zn
Next, we determined whether the increase in the production of IL1b was due to the activation of ICE after PDT. ICE consists of several isoforms due to alternative splicing of the gene. Functional ICE is in the form of tetramer containing two p20 and two p10 subunits. 16 From the Western blot results, although the ICE isoforms were detected after PDT, the expression of p20 products was not detected in cells before or after Zn-BC-AM PDT (Figure 2c) . The results suggested that ICE activation is probably not involved in the PDTinduced production of IL-1b in HK-1 and HK-1-EBV cells.
Detection of IL-6 production in HK-1 and HK-1-EBV cells
In addition to IL-1, we also measured the production of IL-6 in cells after PDT. Although a trace amount of IL-6 was detected in the HK-1 and HK-1-EBV cells (Figure 2d ), the concentration was beyond the detection limit of the ELISA kit (,6 pg/ml). This finding indicates that IL-6 is probably not the major cytokine modulated by Zn-BC-AM PDT.
Inhibition of IL-8 production by Zn-BC-AM PDT IL-8 is a well-known chemotactic cytokine for neutrophils. In the present study, we found that Zn-BC-AM alone slightly reduced the production of IL-8 in HK-1 cells but not in HK-1-EBV cells (Figure 2e ). Zn-BC-AM PDT (0.5 J/cm 2 ) almost completely suppressed IL-8 production by HK-1 cells. For the HK-1-EBV cells, a higher basal level of IL-8 production was seen in this cell line. This result is consistent with the recent study that EBV viral proteins could increase the expression of IL-8. Here, we further found that the level of IL-8 production could significantly be suppressed after PDT. PDT-mediated modulation of cytokine production HK Koon et al 325
DISCUSSION
In the past decades, PDT was developed as an alternative method for the treatment of malignant and non-malignant diseases. The antitumour mechanisms include (i) photoactivation of the photosensitisers and the subsequent direct killing of the tumour cells; (ii) destruction of vascular bed in the tumour mass and (iii) modulation of the immune reactions. 17 Unlike other cancers, NPC is a malignant disease associated with EBV infection. It is generally believed that EBV plays a role in the development of the NPC tumour. 11 Although PDT had been shown to induce inflammatory cytokines in PDT-treated tumour cells, 18, 19 the effects of PDT on the production of inflammatory cytokines in EBV-harboured tumour cells was not studied. In the present study, we compared the production of proinflammatory cytokines by the NPC cells with or without EBV infection. IL-1 (IL-1a and IL-1b) is a well-known cytokine which can not only regulate inflammatory response, but also mediate the antiproliferative effect on tumour cells. 20, 21 In the present study, PDT significantly increases the production of IL-1 in HK-1-EBV cells. This finding suggested that PDTinduced IL-1 may exert an antitumour immunity through the recruitment of inflammatory cells and the reduction of tumour growth. Although both IL-1a and IL-1b mediate similar biological functions, proteolytic cleavage of pro-IL-1b is required for the production of functional IL-1b. The maturation process may be mediated via the ICE-dependent or ICE-independent pathway. In the PDT-treated HK-1 and HK-1-EBV cells, the lack of a detectable level of p10 and p20 subunits of ICE suggested that the ICE-dependent pathway is probably not the major pathway involved in the production of IL-1b.
In addition to the chemotactic function, IL-8 has also been shown to mediate angiogenic function in NPC. 22 In addition, EBV infection was found to modulate the production of IL-8 in the undifferentiated NPC cells. 12 We further extend the observation that the basal expression level of IL-8 could be increased in the well-differentiated NPC cells. Du and co-workers found that the production of IL-8 in NPC cells was increased after hypericin-PDT. 23 In the present study, we found that Zn-BC-AM PDT suppressed the production of IL-8 in both infected and uninfected NPC cells. The discrepancy of IL-8 production may be photosensitiser-dependent. Taken together, the capability of Zn-BC-AM PDT to increase the production of IL-1a, IL-1b and IL-6, and to suppress the production of angiogenic IL-8 in EBV-infected NPC warrants the further development of Zn-BC-AM PDT for the treatment of NPC. In conclusion, this preliminary in vitro study examined the influence of EBV infection on the production of inflammatory cytokines IL-1 and IL-8 by PDT-treated NPC cells. In addition to the cytotoxic action on the tumour cells, Zn-BC-AM PDT may modulate the immune response through the elevation of IL-1 production and suppress EBV-induced IL-8 production.
